T he trend in state motorcycle helmet laws has been a reduction from universal coverage requiring all riders to wear helmets, to partial coverage requiring only younger riders to wear helmets. States argue that younger riders are more prone to engage in risky behaviors without comprehending potential consequences, and so require added safety measures. 1 Lacking the experience and skill of more mature riders, younger riders are at greater risk for accidents, and are more likely to benefit from protective helmets. Currently, 27 states have partial helmet laws, 20 states and the District of Columbia have universal helmet laws, and 3 states have no helmet laws whatsoever. 1, 2 As states initially began repealing their universal helmet laws in response to pressure from motorcycle lobbyists, numerous studies showed that the result was a steep decline in helmet use and concurrent rise in motorcycle deaths and traumatic brain injuries. [3] [4] [5] [6] [7] While research has established the efficacy of universal helmet laws in lowering fatalities, serious head injuries, hospitalization and rehabilitation rates, the data on partial helmet laws is not as clear. Some have argued that partial helmet laws are essentially unenforceable as they generally require a traffic stop to verify age. 1, 2, 8 Others have found that partial helmet laws can result in up to 40% helmet usage rates among young riders. 9 In the current study, we compare a decade of motorcycle fatality data from the only 3 US states with no helmet law (New Hampshire, Illinois, Iowa) to 3 similarly located states with partial helmet laws for riders 17 years old or younger (Connecticut, Indiana, Wisconsin, respectively). We also examine a decade of data within a single state (NH) before and after the repeal of their partial helmet law. We hypothesize that partial helmet laws are not effective at increasing helmet usage nor at decreasing fatalities among the vulnerable young motorcyclist population.
MATERIALS AND METHODS

Data Collection
Motorcycle fatality data from the years 1996 -2005 was obtained from the online Fatality Analysis Reporting System (FARS). FARS is an on-line database created by the National Highway Traffic and Safety Administration in 1975 to identify motor safety issues and trends. Additional information can be obtained at: http://www.-fars.nhtsa.dot.gov.
For each state (NH, IL, IA, CT, IN, WI), data was queried and the same variables used: crash date, death date, number of fatalities in crash, body type (ie, motorcycle), person type (ie, passenger versus driver), restraint system used (ie, helmet), alcohol test result, age, and sex. Data was retrieved in a case-listing format. Cases were excluded from the final tally if: (1) no death date was given (2) information was repeated (ie, same driver and/or passenger listed more than once).
Potential Confounding Factors
Factors other than lack of helmets have been shown to correlate with motorcycle fatalities. For instance, increasing numbers of motorcycle riders (as demonstrated by numbers of motorcycle endorsements and/or registrations) would naturally be expected to result in a higher number of fatalities. To normalize fatality rates for the number of motorcycle registrations per state per year, we obtained motorcycle registration data from the Federal Highway Administration online database at http://www.fhwa.dot.gov as well as the Governor's Highway Safety Association motorcycle survey at http://www.statehighwaysafety.org/.
Certain state policies have also been shown to affect motorcycle safety. Research has shown that policies resulting in lower alcohol tolerance generally correlate with reduced vehicle fatalities. 10, 11 For instance, setting a minimum legal drinking age of 21 has been shown to reduce youth alcohol consumption which in turn reduces youth alcohol-related motor vehicle accidents. All states in this study had minimum legal drinking ages of 21 during the years being evaluated. The state and the corresponding year of the minimum legal drinking age of 21 are as follows: New Hampshire (June 1, 1985), Illinois (January 1, 1980), Iowa (September 1, 1986), Connecticut (September 1, 1985), Indiana (1934), Wisconsin (September 1, 1986). 12 Reducing the blood alcohol concentration (BAC) at which it is legal to drive a motor vehicle from 0.10 to 0.08 for all drivers 21 and older has also been shown to reduce alcohol-related fatalities. Multiple studies have shown that most drivers, even those who are experienced drinkers, have significantly impaired performance in multiple basic driving skills, eg, steering, lane changes, reaction time, and overall judgment, after reaching a BAC of 0.08. 11 These states effectively had 0.08 BAC illegal per se laws on the following dates: New Hampshire (January 1, 1994), Illinois (July 2, 1997), Iowa (July 1, 2003), Connecticut (July 1, 2002), Indiana (July 1, 2001), Wisconsin (September 30, 2003) . 13, 14 Currently, all 50 states also have zero tolerance BAC laws which apply to youths only. The zero tolerance law sets a maximum BAC of 0.02 or less for those under 21; offenders have their licenses either suspended or revoked. 12 The state and the corresponding effective year of the zero tolerance law are as follows: New Hampshire (January 1, 1993), Illinois (January 1, 1995), Iowa (July 1, 1995), Connecticut (October 1, 1995), Indiana (January 1, 1997), Wisconsin (October 14, 1997). 12 Higher speed limits are also thought to correlate with increased numbers of motorcycle fatalities. Excess speed is a major contributory factor to motorcycle crashes, particularly in the under-30 age group. 15 The current maximum posted speed limits for rural and urban interstates as well as prior speed limits are listed in Table 1 . Finally, certain types of helmets have been demonstrated to have greater efficacy in reducing crash-related head injuries. Federal Motor Vehicle Safety Standard 218 (FMVSS-218) specifies the requirements a motorcycle helmet must meet to receive the Department of Transportation certification, including a hard external shell and an impact-resistant liner. All partial helmet law states in our study required that motorcycle helmets be compliant with FMVSS-218. 1
Statistical Analysis
For the state comparisons of the number of fatalities in the Ͻ18 age group, a meta-analysis was performed using aggregated data from 1996 to 2005. This was adjusted by the average number of motorcycle registrations for each year. An arcsine transformation was used. The rate of deaths per 10,000 registrations as well as 95% confidence intervals were calculated. A t statistic was calculated using the arcsine values of the group means and the overall standard deviation. The P value was for a 2-tailed test. Helmet use was analyzed using log-linear analysis (SAS version 9, SAS Institute Inc, Cary, NC).
A 2-level linear regression (ie, multilevel) model was run using MLwiN 1.10 (Multilevel Models Project, Institute of Education, University of London, London, England) with each state's fatalities rates for 8 age groups (Ͻ18, 18 -21, 22-29, 30 -39, 40 -49, 50 -59, 60 -69, 70ϩ) aggregated over 5-year periods as the outcome. These rates were calculated by dividing the number of fatalities in an age group by the expected number of motorcycle registrations for that age group. These were estimated using census data: the total average number of motorcycle registrations for the time period were multiplied by the census number for the age group divided by the census number for ages 16 to 75. The first-level predictors included age categories (Ͻ18, 18 -21, and 22-49 with Ͼ50 as the referent group), proportion of fatalities wearing helmets for the age group, time period (2001-2005 vs. 1996 -2000 as the referent time period), state population density (persons per square mile) for each time period, as well as 3 variables listing the number of years in each time period that 1 : the maximum rural highway speed was less than 65, 2 the maximum rural highway speed was greater than 65, and 3 the upper limit for BAC was 0.08. The only level-2 state characteristic that was considered was whether or not there was a partial helmet law.
A regression analysis was run using 10 years of data for New Hampshire. The outcome was the number of yearly fatalities adjusted for the estimated number of motorcycle registrations for the each of the 8 age groups (as defined in the multilevel analysis). The same predictor variables as described above were considered. Diagnostic tests for serial correlation and normality of residuals did not indicate any serious violation of assumptions. The software used for this portion of the analysis was SAS version 9 (SAS Institute Inc, Cary, NC).
RESULTS
The total number of motorcycle fatalities from 1996 to 2005 in the states with partial helmet laws as compared with no helmet law was roughly equivalent (1862 vs. 1739). In terms of age decades, the 20 to 29 year olds comprised the largest number of fatalities in both the partial and nonhelmet law states (498 vs. 540), closely followed by the 30 to 39 year olds (462 versus 416) ( Fig. 1) . The age group covered by the partial helmet law in the states of Connecticut, Indiana, and Wisconsin are those 17 years or younger. There were 33 rider fatalities in this group as compared with 32 in the nonhelmet law states of New Hampshire, Iowa, and Illinois.
In both partial and no helmet law states, rider demographics were similar. Motorcycle fatalities tended to be male rather than female (1650:212 vs. 1542:197) and were drivers rather than passengers (1677:185 vs. 1564:175). Overall, the trend was toward increasing fatalities no matter what the helmet law. In 1996, there were 134 fatalities in partial helmet law states as compared with 237 fatalities in 2005. Similarly, there were 137 fatalities in no helmet law states in 1996 versus 241 in 2005.
The mean overall fatality rate per 10,000 motorcycle registrations was 7.5 (95% CI: 4.6 -11.1) for the no helmet law states versus 10.7 (7.1-14.9) for partial helmet law states (comparison P ϭ 0.06) ( Table 2 ). When only the Յ17 year olds were considered, the fatality rate per 10,000 registrations still did not significantly differ in no helmet law versus partial helmet law states (both 0.8, P ϭ 0.45). The rates in the Յ17-year-old age group were found to be reasonably homogenous between states.
A far greater number of motorcycle fatalities were wearing helmets in partial helmet law as compared with no helmet law states: 415 versus 268. In terms of age decades, the 20 to 29 year olds had the highest raw number of helmets worn (132 vs. 89 in partial versus no helmet law states respectively) (Fig. 2) . This, however, is likely due to the 20-to 29-year-old population having the greatest number of fatalities, rather than highest actual percentage of helmet usage. When examined in terms of helmets per fatality, the Ն70-year-old group had the highest percentage of helmet use (57.9%) followed by the Յ17 year olds (33.3%) in the partial helmet law states. In the no helmet law states, the Յ17 year olds (28.1%) had the highest percentage of usage, followed by the 60 to 69 year olds (24.6%). Given that the 30 to 39 year olds comprised the second largest group of motorcycle fatalities, one might also expect that they would account for the second largest raw number of helmets worn. This was not, in fact, the case. In partial helmet law states, the second greatest number of helmets was worn by the 50 to 59 year olds (n ϭ 81) while in no helmet law states, the 40 to 49 year olds were the second largest group (n ϭ 55). Overall, we found that there was no significant difference in the helmet wearing rate of Յ17-year-old motorcycle fatalities in partial helmet law versus no helmet law states (P ϭ 0.79) ( Table 3) .
To address other variables that had previously been found to affect motorcycle fatalities (ie, number of motorcycle registrations, state alcohol policies, state maximum speed limits), we reanalyzed the fatality data from partial helmet law versus no helmet law states utilizing a 2-level linear regression model. We found that age group was the most significant of the variables (Ͻ18, 18 -21, 22-49 with Ͼ50 as the referent age group). The Ͻ18 group was not found to be significantly different from the referent group. Population density was found to be significant. The following variables were not found to be significant: adoption of 0.08 for BAC, rural highway speeds of less than or greater than 65, the 2001-2005 period versus the previous 5 years. Other variables that were considered but were not found to vary much between the 6 states included urban highway speeds, zero BAC tolerance laws, and minimum legal drinking age. The rate of helmet compliance was significant only when not including age groups in the model. Having a partial helmet law was found to have significant interactions with both population density and age. Consistent with the above results, the adjusted fatality rates were higher for partial helmet law states for both the 18 to 21 and the 22 to 49 age groups. The effect was reversed when considering population density. In states without helmet laws, density explained 5.4 fatalities for every 100 persons per square mile. The expected effect of density in states with partial helmet laws was 3.3 fewer fatalities for the same population density.
In an effort to eliminate any possible interstate variability (eg, differences in law enforcement efforts), we also analyzed data within the single state of New Hampshire during the years 1991 to 1995 in which there was a partial helmet law for riders 17 or younger as compared with the years 1996 to 2000 in which the partial helmet law was repealed. The number of fatalities before and after the repeal of the partial helmet law was 68 versus 105, respectively. The number of fatalities wearing helmets before and after the repeal of the partial helmet law was 17 versus 27, respectively. When examined in terms of the Յ17-year-old age group, there were 2 fatalities before the repeal as compared with one afterward. Ironically, under the partial helmet law, neither of the 2 fatalities wore helmets, while the one fatality after the repeal did.
Neither the adoption of the 0.08 BAC nor helmet usage was found to be a significant variable in New Hampshire in terms of motorcycle fatalities (P ϭ 0.88 and 0.98, respectively). Maximum rural highway speed did not change during the 10-year period 1991-2000 (Table 4 ). Urban highway speed was increased to 65 at the same time as the partial helmet law was dropped. These 2 predictors are therefore confounded. Partial helmet law as a single predictor was not found to be significant (P ϭ 0.37) while age groups were: the 18 to 21 and 22 to 49 groups were significantly different from the 50ϩ referent group (P ϭ 0.005 and Ͻ0.0001, respectively), but the Ͻ18 group was not (P ϭ 0.83). Including an interaction for law with age found a lower adjusted fatality rate (P ϭ 0.07) for the referent group during the period with a partial helmet law. In comparison to the referent group, the Ͻ18 group was nearly significant in showing a different pattern of change during the 2 periods (P ϭ 0.07). This group showed a decrease once the law 
DISCUSSION
Motorcycle helmet use has been shown to lower the likelihood of crash morbidity and mortality. The NHTSA estimates that helmet use lowers crash fatality risk by 37%, and brain injury risk by as much as 67%. 9 Despite this, the trend among states has been towards weakened or "partial" helmet laws that require only youths to wear helmets. It has been argued that younger riders are less able to make informed decisions regarding helmet use and therefore require added safety measures. Currently, 27 states have partial helmet laws, the majority of which cover riders 17 and younger. While many studies have demonstrated the efficacy of universal helmet laws at increasing helmet usage, little research has focused on the potential utility of partial helmet laws. In the current study we evaluate whether the vulnerable young rider population is protected by partial helmet laws. Specifically, we question whether partial helmet laws are better than none at all in terms of reduction of young motorcycle fatalities, and whether they result in increased rates of helmet compliance.
In pursuit of this, we compared a decade of motorcycle fatalities from the only 3 states with no helmet laws (NH, IA, IL) to 3 comparably located states with Յ17-year-old partial helmet laws (CT, IN, WI). Our assumption was that by choosing states with similar geographical latitudes and seasons, variability in motorcycle fatality rates due to differing lengths of riding season would be minimized. We also addressed other factors which have been shown to influence motorcycle fatality rates. For instance, increasing highway speed limits, and increasing numbers of motorcycle registrations have been shown to positively correlate with fatalities, while decreasing the minimum legal drinking ages and the legal BAC have been shown to have a negative correlation. We found that highway speeds, BAC laws, and minimum legal drinking age were not significant variables in the 6 states analyzed from the years 1996 -2005. Age and population density, however, did significantly impact the likelihood of a motorcycle fatality. To account for these variables, we analyzed the average motorcycle fatality rates in specific age groups per 10,000 motorcycle registrations. We found that there was no statistically significant difference in the fatality rate for Յ17-year-old riders in partial helmet law states versus no helmet law states (P ϭ 0.45). These results agree with those of Houston (2007) who found that even partial helmet laws requiring riders up to 20 years of age to wear helmets resulted in no substantial reduction in youth motorcycle fatalities. Unlike Houston, we also examined the proportion of fatalities wearing helmets at the time of death. Again we found that there was no significant difference in the helmet wearing rate of Յ17-year-old fatalities in partial helmet law versus no helmet law states (P ϭ 0.79). Due to limitations of the FARS database, we were unable to assess whether the cause of death in all motorcycle fatalities was due to head trauma. Based on a review of medical examiner data from our own state, however, the majority of motorocycle deaths are due to blunt impact injuryusually to the head-although concurrent spinal, thoracic, abdominal, and extremity injuries are often seen. 16 To address potential interstate variability (eg, differences in partial helmet law enforcement efforts), we also evaluated motorcycle fatality data within a single state before and after the repeal of the partial helmet law. We found that in New Hampshire there were more Յ17-year-old motorcycle fatalities during 1991-1995 under the partial helmet law than there were during 1996 -2000 under no helmet law (2 vs. 1). The fatality rates for Յ17 year olds per 10,000 registrations as well as adjusted fatality rates per 10,000 registrations were also higher before versus after the helmet law repeal (0.5, 0.031 vs. 0.2, 0.011, respectively). Ironically, a greater percentage of the fatalities wore helmets after the repeal of the partial helmet law than before (100% vs. 0%). However, these numbers of Յ17-yearold fatalities are very small.
In summary, our results indicate that the partial helmet laws neither significantly reduce fatality rates nor increase helmet compliance rates among young riders. One of the assumptions underlying partial helmet laws is that the safety of young riders is being protected, while allowing adults the freedom to choose whether to wear helmets. In fact, a partial helmet law is roughly equivalent to none at all: the difficulties in enforcement are monumental, and likely this accounts for the lack of compliance on the part of riders. Only universal helmet laws have been shown to effectively protect young motorcyclists. Any move away from such laws is necessarily compromising the safety of our most vulnerable motorcycle riding population.
